Carbon fiber reinforced polymer (CFRP) composite materials have been widely used in industries in recent years. The design of composite structures, and open-holes for joining are also widely used. Understanding of open-hole behavior is very necessary for the design of complex structures. In this paper, the initial damage, progressive damage analysis, and the effect of structure on strength of composite laminates are investigated. Based on Hashin's criteria, three-dimensional model of composite laminates containing a central open-hole is developed. The model is conducted by finite element analysis, commercial Abaqus software to simulate the whole process of initial damage, propagation of damage, and analysis of the effect of a few structures on strength of composite laminates containing open-hole.
Introduction
Composite materials have been extensively used in engineering and become an important material in aeronautic, automotive, and astronautic structures. There are many different shapes fabricated from composite structure in that kind of open-holes which are typical. During the using time, stress concentrations will appear around the holes and the surrounding areas. This is a phenomenon causing accumulation of damage and decreasing the strength of composite structures. The primary consideration of the structure is the evaluation of its load carrying capacity. Because analyzing stress, failure, and damage's structure is the best method used, in this work the composite laminates containing a central open-hole subjected to tension are investigated. Many previous studies about the damage of the composite material have been introduced [1] [2] [3] . There are some fracture-mechanistic models that are proposed to study propagation crack in composite laminates with an openhole. The propositions were significantly studied by previous researchers [4] [5] [6] [7] [8] [9] [10] [11] . The authors developed a two-dimensional progressive damage model considering three different failure modes to predict the accumulation of damage and the strength of the composite laminates containing unloaded holes and loaded holes by integrating failure criteria of Yamada-Sun and Hashin. Although the failure of the plies was evaluated, the delamination of the composite structures was not considered in these analyses. The model needed the ply orientation of the laminates which must be symmetric with respect to the middle plane of the plate. Two-dimensional model cannot accurately analyze stress around open-holes. The layer orientations and delamination as well as damage of the composite laminates can be solved by three-dimensional finite element method with the commercial Abaqus. Therefore, the objective of this investigation is to predict the initial damage, progressive damage analysis, and the effect of a few structures on strength of composite laminates.
Materials and Methods

Progressive Damage Analysis.
In this study, in order to predict the initial damage, progressive damage analysis and the effect of a few structures on strength of composite laminates are investigated. Based on Hashin's failure criteria and numerical model are presented as follows. Ply-4
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Ply-8 terms of apparent (Cauchy) stress " , " which is calculated by progressive damage analysis code. Damage initiation refers to the onset of stiffness degradation at a material point [2, 12] . The consideration of damage laminates by Hashin's criteria in four cases is assumed to be uncoupled as follows:
fiber tension ( 11 ≥ 0) 
matrix tension and/or shear ( 22 ≥ 0)
matrix compression ( 22 < 0)
where 11 , 22 , and 12 are the components in-plane longitudinal, transverse, and shear stress; , are the compressive and tensile strength in the fiber direction; , are the compressive and tensile strength in the matrix direction; , are the transverse and longitudinal shear strength; and determines the contribution of the shear stress to the fiber tensile criterion. To obtain the model proposed by Hashin and Rotem, it set = 0 and = 1/2 . is the loading functions for different failure mechanisms adopted in the form of Hashin's criteria. These indexes ft , fc , mt , and mc indicated whether a damage initiation criterion in a damage model has been satisfied or not. Damage initiation occurs, when any one of the four indices exceeds 1. The effect of damage is taken into account with reducing the values of the stiffness coefficients [2, 12] as follows:
where represents a tensor double contraction and damaged stiffness is given by in which
where is the apparent stress, is the strain, is the damaged stiffness matrix, 1 , 2 are the moduli in the fiber direction and perpendicular to the fiber, respectively, 12 is the shear modulus, ] 12 and ] 21 are Poisson's ratios, ft , fc , mt , mc , and are damage variables of the fiber, matrix, and shear damage, in tension and compression, respectively. The shear damage variable is not independent but is given by (6) in terms of the remaining damage variables.
The variables damages ft , fc and mt , mc , which characterize fiber and matrix damage in tension and compression, corresponding to the four damage initiation modes are represented in (1)∼(4).
, , , , , and are six values of the strength. In this work, in order to predict damage initiation, progressive damage analysis, and the effect of structure on strength of composite laminates accurately, the values of strength of CFRP T300/134-C material are used [3] . The mechanical properties of this material are listed in Table 1 .
Numerical Models.
In this study, the theoretical basis of the three-dimensional shell progressive damage approach is introduced. The geometry of the composite laminates containing a central open-hole is illustrated in Figure 1(a) . Considering the symmetry of the composite laminates model and reducing the time of calculation, only one-quarter of the composite laminate is used in this study, as shown in Figure 1(b) . The model composite lay-up built by Abaqus software and that has been meshed to obtain the best accuracy, using higher element density at the hole. The remaining parts of the model have been modeled using a coarse mesh with bigger elements to reduce the required computational time. The meshed model is shown in Figure 1(c) . The boundary condition and loading are performed in commercial Abaqus software. Nodes on the vertical central line of the hole are constrained to move along the vertical " " direction. Nodes in the horizontal central of the hole are also constrained to move along the horizontal " " direction. In this study, the laminates ware subjected to the tensile displacement controlled loading. The displacement of the loading control is 1.2 mm. Using constrained equation type in Abaqus, the position of loading is applied at the left upper corner of the model. By doing this, the reaction force and corresponding displacements of the nodes can be conveniently output to this reference point. The laminates are modelled and used conventional shell elements S8R within Abaqus. The shape and dimension of the model are shown in Figure 1 where " " = 20 mm is the width of the laminates. The " " is the diameter of the central hole. " " = 30 mm is the length of the laminates. The thickness of the each piece is equal to 0.1635 mm.
Results and Discussions
The composite laminates are modeled using the finite element analysis and Hashin's initial criteria damage is conducted. Progressive damage analysis and the effect of structure on the strength of the composite laminates are investigated. There are some results discussed and shown as follows.
Predicting the tensile strengths of composite laminates containing a central open-hole, results are presented in Figure 2 . The load dropped down suddenly at the damage show that the complete failure of the composite laminate occurs around the hole at stress concentration areas. The damage is firstly appeared from the inner edge of the hole, and then it is propagated and developed the external edge of the model. This behavior is likely attributed to be supported by the fibers arranged in the load direction. The appearance of damage of the matrix is earlier than fibers shown in the Figure 5 . The stress concentration appeared around the hole that has effects on the tensile strength of the model. The damage of the matrix at stress concentration areas is early appeared and it is faster growth. In Figure 6 , the damage rate of the matrix at two corners, the inner corner of the hole faster than the externalcorner of the edge of the model, is indicated.
There are many challenges posed in the design of laminated composite structures. Several parameters, such as layers orientations, selecting layer arrangements, and others, influence the properties of a composite laminate. Therefore, the composite laminate design is a highly iterative process for resolving a combinatorial problem. It is an important and necessary to study laminated composite structure. Table 2 and the plotted by Figure 9 . The results of analyses indicated that the initial damage, progressive damage of the composite laminates, and the strength of the laminates not only depend on the diameter of the holes but also depend on the structure of the composite laminates under the same applied load a condition. 
Conclusions
The composite laminates containing a central open-hole have been developed which is conducted by commercial Abaqus software; several conclusions are drawn as follows.
The prediction of initial damage, progressive damage, and analysis of the effect of structure on strength of composite laminates containing a central open-hole is clearly investigated and confirmed. Change of the diameter of the central open-hole as well as the change of the structure of composite laminates not only the effect on possible damage, damaging rate, progressive damage but also effects on the strength of the composite laminates is also indicated.
The progressive damage and damage rate of the matrix is confined to the locus of the stress concentration; then the damages grow from the stress concentration areas with further increase of applied load or displacement to reach the tensile strengths.
